INTRODUCTION {#sec1-1}
============

Successful endodontic treatment begins with an accurate diagnosis, which is the cornerstone for a successful treatment plan\[[@ref1]\] wherein, the clinician should go through various diagnostic modalities before diagnosis and treatment plan.\[[@ref2]\] Thorough clinical examination, detailed case history, radiographs, and pulp sensibility tests together aid in the diagnosis of dental pulp health and not the outcome of only one specific test.\[[@ref3][@ref4]\] In clinical practice, pulp sensibility tests (thermal and electric pulp tests \[EPTs\]) assess the integrity of the nerve fibers in the dentin-pulp complex by applying the stimulus to the outer surface of the tooth, whereas pulp vitality tests should assess the blood supply of the dental pulp.\[[@ref5][@ref6]\] Several devices that rely on the tooth\'s electrical properties are used in dentistry. Electronic root apex locators, pulp vitality tester, and early caries lesion detectors are some of such devices.\[[@ref7]\]

EPT is more reliable than thermal tests\[[@ref8]\] and is a technique sensitive procedure.\[[@ref9][@ref10]\] The ability of EPT to indicate pulp sensibility is based on the sensitivity of neural transmission. A positive response usually indicates vital sensory fibers presence. Nevertheless, it does not imply on blood supply which reflects the pulp vitality.\[[@ref11]\] EPT is based on stimulation of intact Aδ nerves in the pulp-dentine complex by applying an electric current on the tooth surface, which results in an ionic shift in the dentinal fluid within the tubules causing local depolarization and subsequent generation of an action potential from the intact nerve and relies on subjective assessments and comments from the patient. These can lead to false-positive and false-negative results.\[[@ref9][@ref10][@ref11]\] The various factors that influence EPT result for false positive or false negative response include the thickness of enamel and dentine, concentration of pulpal neural elements, direction of dentinal tubules, amount of dentinal fluid, and the distance between the electrode tip and the pulp.\[[@ref12][@ref13]\] EPT is an important aid and when properly used, is a safe clinical test that can provide useful information regarding health and disease of pulp tissue.\[[@ref14][@ref15][@ref16]\]

Dental fluorosis is a developmental disturbance of dental enamel caused by excessive exposure to high concentration of fluoride during tooth development.\[[@ref17]\] In routine clinical scenario fluorosed teeth are different from normal teeth. They pose many challenges in diagnosis and treatment planning to the clinician right from pulp sensibility tests, shade selection, shade mimicking, etching and bonding procedures during composite restorations.

The factors that influence EPT are the thickness of enamel and dentine, morphology of teeth, concentration of pulpal neural elements, direction of dentinal tubules, and the distance between the electrode tip and the pulp.\[[@ref18][@ref19][@ref20]\] Many studies were done earlier to evaluate the optimal electrode placement site and threshold levels of EPT with varied opinions.\[[@ref20][@ref21][@ref22]\]

The hypermineralized enamel in fluorosed teeth may influence the fluid concentration in the dentinal tubules, which is thought to play a vital role in the conduction of electric impulses.\[[@ref11][@ref23]\] In fluorosed enamel, hydroxyapatite crystals are substituted by fluorapatite crystals, which may result in ionic shift in the dentinal fluid.\[[@ref24]\]

To best of our knowledge until date, no study has been done to evaluate threshold response and optimal electrode placement site on fluorosed teeth. Therefore, the aim of this study was to evaluate lowest threshold response and optimal electrode placement site for EPT in fluorosed anterior teeth.

MATERIALS AND METHODS {#sec1-2}
=====================

This clinical study was carried out in the Department of Conservative Dentistry and Endodontics, Kamineni Institute of Dental Sciences, Narketpally, Nalgonda (District), Telangana, State, India. Nalgonda District is globally recognized for the incidence of severe systemic and dental fluorosis with fluoride concentration up to 14ppm. Ethical clearance for the study was obtained from the Research and Ethics Committee of the Kamineni Institute of Dental Sciences.

Eighty volunteers of either gender, between 20 and 40 years old with intact maxillary central incisors with Thylstrup and Fejerskov Index (TFI) score 1-4 were selected \[[Figure 1](#F1){ref-type="fig"}\]. Oral prophylaxis was performed for all the volunteers before proceeding for the study. Clinical examination was done independently by two different investigators, after wiping dry the teeth to assess the fluorotic severity according to the TFI.\[[@ref25]\] Moreover, scores were recorded separately to avoid operator bias. Based on the incidence of fluorosis, total of 80 volunteers were divided into two groups as:

Group 1- Volunteers with incidence of dental fluorosis (TFI score was between 1 and 4)Group 2- Volunteers without incidence of dental fluorosis (TFI score was 0).

![The teeth with mild flourosis and intact crown (Thylstrup and Fejerskov Index score-2) selected for the study.](DRJ-13-245-g001){#F1}

To standardize the study, we selected either of the maxillary central incisors with an intact crown from each volunteer \[[Figure 1](#F1){ref-type="fig"}\]. Baseline bitewing and periapical radiographs were taken for teeth which had neither history of orthodontic treatment nor trauma. The teeth with signs of surface loss (erosion, abrasion, attrition, abfraction), teeth with surface pitting, (TFI 5-9), cracks, inter proximal caries, metallic restorations, malformed teeth, traumatized teeth, endodontically treated teeth and teeth with periapical pathology were excluded from the study. Subjects taking narcotics, alcohol or nonsteroidal anti-inflammatory drugs and with a history of mental and emotional instability were excluded from the study.

The participants were informed fully about the procedure being carried out and informed consent was obtained. Tooth to be tested was isolated with rubber dam without the clamp. The test was conducted with a digitest EPT (Parkell, Farmingdale, NY, USA) in accordance with the manufacturer\'s instructions (a monopolar EPT with anodal electrode probe tip and diameter of 2 mm was used in the study). The circuit was completed when the subject rested a finger on the lip clip of the EPT. The tip of the electrode was lightly coated with toothpaste as a conducting medium, a gentle pulsed stimulus was applied to the tooth until the subject felt and noted a sensation such as tingling, stinging, warmth, or heat. They were instructed to release the clip on the first detection of a warm, tingling or painful sensation. The digital display readout of the pulp tester at which the subject first noted the above mentioned sensation was defined as the threshold.

Four sites (incisal edge, incisal third, middle third, and cervical third) on the labial surface of each tooth were tested. Four readings were made on the labial surface of each site in sequence, starting from the incisal edge to cervical third. To eliminate the phenomenon of nerve accommodation, at least 1 min was allowed to elapse before the tooth was revisited. The mean of the four readings from each site was scored.

The data were analyzed with SPSS, (IBM SPSS Statistics Version 19.0.0.329). Means of variables from each location were compared using one-way ANOVA and Tukey\'s *Post-hoc* test.

RESULTS {#sec1-3}
=======

A total of 80 volunteers were recruited in this study and were categorized into two groups of 40 each. Three hundred and twenty electrode placement sites on 80 teeth were studied and analyzed statistically. A total of 640 readings from each group were obtained. Results were expressed as a mean ± standard deviation. The mean ± standard deviation threshold levels in the fluorosed group were 9.32 ± 1.35, whereas in nonfluorosed group, it was 5.57 ± 1.40. The higher threshold values were recorded in the fluorosed group when compared to that of nonfluorosed group and were statistically significant (*P* \< 0.05).

When multiple comparisons were done among the groups, it was observed that there was a significant difference between incisal edge, middle and cervical thirds (*P* \< 0.05). But no statistically significant difference between incisal edge and incisal third was noted (*P* \> 0.05) \[[Table 1](#T1){ref-type="table"}\].
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Mean and standard deviation at different sites in fluorosed and nonfluorosed teeth
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DISCUSSION {#sec1-4}
==========

Many studies earlier were done to evaluate the optimal electrode placement site and threshold levels of EPT with varied opinions. Bender *et al*.\[[@ref20]\] concluded that placing the electrode at the incisal edge of anterior teeth evoked a response with the least amount of electrical current.\[[@ref20]\] According to Lin *et al*.\[[@ref26]\] the optimum site for pulp testing for first molars is the mesiobuccal cusp tip. Kalhoro *et al*.\[[@ref27]\] conducted a study on premolar and stated that the buccal cusp tip of both maxillary and mandibular premolars were the site with the lowest threshold to EPT stimulation. In this study, maxillary central incisors with intact crowns were selected which differ from the earlier studies in relation to the sample size, population characteristics, and study design.

Endemic fluorosis continues to remain a challenging International Dental Health Problem. Nalgonda District of Telangana, India consists of areas with various levels of fluoride in drinking water, starting from below-optimum to optimum and above-optimum levels (up to14ppm). This area is ideal for assessing the prevalence and severity of dental fluorosis.

The earliest manifestation of dental fluorosis is an outer hypermineralized layer with a porous hypomineralized subsurface; the pores are occupied by enamel secretory proteins that are retained due to the effect of the excessive fluoride level on ameloblasts. Clinically, the porosity in the subsurface of enamel reflects as the opacity of the enamel, ranging from fine white opaque lines running across the tooth on all parts of the enamel to entirely chalky white teeth.\[[@ref28]\]

Excessive fluoride concentration can cause the change of teeth structure and strength. High fluoride concentration on fluorosis enamel indicates the substitution of OH^−^ by F^−^ increasing the surface roughness of enamel surface.\[[@ref28]\]

In the present study to measure dental fluorosis, TFI was used. This index allows correlation between the clinical appearance of fluorosis and pathological changes and is normally the index of choice for evaluation of fluorotic severity.

In the present study, maxillary central incisors were selected, as these teeth are of prime aesthetic concern and are considered to be most at risk for fluorosis.\[[@ref29]\]

Volunteers within a narrow range of age group were selected to avoid sensitivity variation caused by secondary dentine deposition which causes a reduction in the volume of pulp, dental caries and tooth wear.\[[@ref27][@ref30]\]

In the present study, fluorosed teeth showed high threshold response when compared to nonfluorosed teeth, possible reasons may be hypermineralized enamel, which might influence the fluid concentration in the dentinal tubules, which is thought to play a vital role in the conduction of electric impulses.\[[@ref9][@ref28]\] In fluorosed enamel hydroxyapatite crystals are substituted by fluorapatite crystals which may result in ionic shift in the dentinal fluid.\[[@ref24]\]

In the present study, in both fluorosed and nonfluorosed teeth incisal edge showed lowest threshold levels for EPT when compared to incisal, middle and cervical thirds because the enamel is thinnest incisally with the highest concentration of neural elements in the pulp horns while in the cervical area the number of nerve fibers decrease.\[[@ref31]\] The straight course of dentinal tubules at the incisal edges of anterior teeth offers faster flow rate to the electric current.\[[@ref12]\] This explains why the threshold values were lower at the incisal edge region than in the cervical third. These results were in accordance with Bender *et al*.\[[@ref20]\] who found that the lowest threshold response was at the incisal edge. Structural and morphological variations of fluorosed anterior teeth did not show any variation in the optimal electrode placement site when compared to nonfluorosed teeth but have shown higher threshold levels to EPT. The possible reasons could be because of hypermineralized enamel, which might influence the fluid concentration in the dentinal tubules, which is thought to play a vital role in the conduction of electric impulses.\[[@ref11][@ref23]\] In fluorosed enamel hydroxyapatite crystals are substituted by fluorapatite crystals which may result in ionic shift in the dentinal fluid.\[[@ref24]\]

During the study, it was observed that teeth with mild fluorosis which mimics nonfluorosed teeth reported high threshold levels for EPT which could be misread as delayed response of nonfluorosed teeth. In such cases, the clinician should take care not to misinterpret it as delayed response.

This base line study was done only on the anterior teeth with mild fluorosis with intact enamel surface. Further studies are required in posterior and severe fluorosed teeth for better understanding of the threshold response of fluorosed teeth to EPT.

CONCLUSION {#sec1-5}
==========

Within the limitations of the study, it was observed that fluorosed teeth responded to high threshold levels, and the appropriate electrode placement site was the incisal edge.
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